Abstract. The identification of spatial variations in hydraulic conductivity (K) on a scale of relevance for transport investigations has proven to be a considerable challenge. Recently, a new field method for the estimation of interwell variations in K has been proposed. This method, hydraulic tomography, essentially consists of a series of short-term pumping tests performed in a tomographic-like arrangement. In order to fully realize the potential of this approach, information about lateral and vertical variations in pumpinginduced head changes (drawdown) is required with detail that has previously been unobtainable in the field. Pumping tests performed in networks of multilevel sampling (MLS) wells can provide data of the needed density if drawdown can accurately and rapidly be measured in the small-diameter tubing used in such wells. Field and laboratory experiments show that accurate transient drawdown data can be obtained in the smalldiameter MLS tubing either directly with miniature fiber-optic pressure sensors or indirectly using air-pressure transducers. As with data from many types of hydraulic tests, the quality of drawdown measurements from MLS tubing is quite dependent on the effectiveness of well development activities. Since MLS ports of the standard design are prone to clogging and are difficult to develop, alternate designs are necessary to ensure accurate drawdown measurements. Initial field experiments indicate that drawdown measurements obtained from pumping tests performed in MLS networks have considerable potential for providing valuable information about spatial variations in hydraulic conductivity. 
Introduction
Theoretical, laboratory, and field research on the mechanisms of large-scale solute transport has identified the spatial distribution of hydraulic conductivity (K) as a significant factor in determining how a plume of a conservative tracer will move in the subsurface [e.g., Sudicky and Huyakorn, 1991] . Unfortunately, the description of spatial variations in K on a scale of relevance for contaminant transport investigations has proven to be a difficult task. Although tracer tests performed in networks of multilevel sampling wells can be the source of valuable information about K variations [e.g., Freyberg, 1986 ever, depends critically on the connectivity of regions of high or low hydraulic conductivity, conditions which cannot be reliably determined even from a suite of single-well tests because of the lack of sensitivity of these tests to just such features. While some success has been obtained in describing patterns of K variation outside of the near-well region using geophysical techniques (to characterize major lithologic structures) in conjunction with tracer data (to estimate the hydraulic properties of the geophysically delineated zones), the dependence of this approach on data from costly tracer experiments limits its practical utility. Thus, although several of the current methods show promise, all appear to have significant limitations for the description of spatial variations in hydraulic conductivity over scales of relevance for transport investigations.
A new field method for the estimation of spatial variations in K between wells, hydraulic tomography, has been independently proposed by several investigators [e.g., Bohling, 1993; Tosaka et al., 1993; Gottlieb and Dietrich, 1995] . As shown in Figure 1 , this method essentially consists of the performance of a series of short-term pumping tests in which the position of the stressed interval in the pumping well, isolated with packers, is varied between tests to produce a "crossed" streamline pattern similar to the crossed ray paths of a typical cross-hole seismic tomography experiment [e.g., Peterson et al., 1985] . Numerical investigations of flow through synthetic cross sections [Bohling, 1993 [Bohling, , 1999 Tosaka et al., 1993; Gottlieb and Dietrich, 1995] have found that the drawdown measurements from the complete series of pumping tests can be jointly inverted, using a variety of procedures, to produce two-and three-dimensional images of hydraulic conductivity that reproduce the major features of the input K field. These numerical demonstrations indicate that hydraulic tomography may be fixed, while the other is a pressure-sensitive diaphragm. The length of the cavity thus changes as a function of pressure. Both ends of the cavity are partially reflective surfaces, so the light reflected from the interferometer is a combination of reflections from the two surfaces. A minispectrometer in a surface data-acquisition unit is used to detect the position of the reflection minimum (destructive combination) in a certain spectral range within which the position is a unique function of cavity length and thus pressure [Photonetics, 1996] . Although certainly usable for the measurement of drawdown in MLS tubing, the current cost of the fiber-optic sensors and accompanying equipment makes this approach of limited practical utility (e.g., four sensors and a four-channel acquisition unit from one manufacturer exceed $20,000).
An economical alternative to the fiber-optic sensors is the use of air-pressure transducers to measure air pressure changes in sealed MLS tubing and relate these to hydraulic head changes in the formation. This alternative is illustrated in Figure 2 , which displays two hypothetical cross sections of a single MLS tube. 
Impact of Well Design and Development on Drawdown Measurements
The standard MLS port design [e.g., LeBlanc et al., 1991] involves placing a fine mesh over the lower end of the tubing, the purpose of which is to prevent pumping of particulate matter during water sampling. This design, however, creates problems for the measurement of drawdown because the mesh filters out fine particulate matter, which forms a low-K cake around the port. 
Conclusions
The performance of a series of short-term pumping tests in a tomographic-like format is the basis of hydraulic tomography, a recently proposed methodology that has considerable potential for providing valuable information about interwell variations in hydraulic conductivity. Until now, the need for 
